Résumé. 2014 From the shift of the spectra in T.R.S. we can fit :
Abstract. 2014 Measurements of spectrum shift are made by means of time resolved spectroscopy (T.R.S.) over a broad emission band of CuGaSe2, peaked at 1.59 eV with a width of 40 meV (at liquid helium temperature). The behaviour of the decay is measured at 4 K for different emission band energies. We will show that the experimental results are in agreement with a donor-acceptor model.
From the shift of the spectra in T.R.S. we can fit :
2014 the Bohr-half-radius value RB = 5.6 Å (the shallowest centre is at least at 70 meV) ; 2014 the maximum radiative transition probability WMAX = 108 s-1; 2014 the value hv~ = 1.53 eV. The theoretical and experimental decay curves are in good agreement for a preponderant impurity concentration of N = 8 1017/cm3. By using these various parameters we observe that theoretical and experimental T.R.S. spectra are consistent.
1. Introduction. -CuGaSe2 is a semi-conductor of the I-III-VI2 type which cristallizes in the chalcopyrite system (space group 142d) [1] . Through absorption, electro-reflectance and modulated reflectivity measurements, it has been established that CuGaSe2 is a direct gap semi-conductor [2] [3] [4] [5] .
The temperature dependence of the gap is given by [6] :
with Electrical measurements show that the conductivity of this material is hightly influenced by the impurities : we can vary the resistivity of this material from 5 x 10-2 Q cm to 10 MQ cm. N. Yamamoto gives the value of the gap according to the position of the exciton [7] (E, = 1.711 eV at 20 K). There is only one paper available on the luminescence of this compound [8] . The (1) we see that as the distance between pairs, r, decreases, the energy of the photon emitted increases. As the donor and acceptor ought to be situated at precise points of the lattice, only certain discrete values of r are allowed and for the smallest of these a sharp line spectrum should appear; for greater values a broad band is to be seen. The transition probability W(r) between the donor and the acceptor, in units of time is formulated proportionally to the square of the matrix element which brings into effect the overlap integral of the hydrogenous envelopes FD(r) and FA(r) of the donors and acceptors :
As the interpair distance increases, the transition probability ought to decrease. Moreover, when we assume that the electron is loosely bound to the donor, the latter is totally represented by a quasihydrogen model, the radiative transition probability W(r) between associated donor-acceptor pairs dis Time resolved spectroscopy enables us to observe the spectrum at different times after the end of excitation. In the donor-acceptor case we observe a shift of the emission band towards low energies when t increases (t-shift). Indeed, most of the close-set pairs, that is to say those in which the transition probability is maximal, no longer participate in this luminescence. The t-shift is the first criterium used in the donor-acceptor transition. The second criterium used is that of spectrum variation according to excitation intensity ( j-shift). This is expressed by a shift of the spectrum towards high energies as the excitation intensity increases.
The study of light decay at different wavelengths shows a t -" type law. The rate of decay becomes more rapid when the energy in the band increases.
3. Experimental results. -3. 1 TIME RESOLVED, SPECTROSCOPY. - Figure 1 represents the luminescence spectrum at t = 0. Two emission bands are observed : one peaked at 1.63 eV, the other at 1.59 eV.
We choose to study the band peaked at 1.59 eV.
At 1.63 eV, the emission has a short lifetime and disappears rapidly in the T.R.S. spectra. b -+ t = 800 ns; c -+ t = 2 J1S; d -+ t = 8 J1S; e -+ t = 100 J1S. The total variation (30 meV) of the band position after the end of the excitation can be attributed in the first approximation to the difference between the coulombic energy (e2/Ks r) for the close-set pairs and the pairs furthest apart.
In the case of CuGaSe2, the lattice constant is equal to a = 4.614 A. The static dielectric constant is A% = 9. We obtain a limit of the coulombic energy for the close-set pairs equal to 300 meV.
The observed variation indicates a radius of 40 À for the close-set pairs.
For such a value of the intra-pairs distance, f(r) can be neglected in equation (1) [11] . For In the compensated case, formula (3) is still available in the hypothesis that donor-acceptor tunneling is always slower than the redistribution of the carriers on the shallowest centres. Therefore the population of these centres remains homogeneous as in the previous case.
If we derive (3) we obtain the Coulomb energy variation law for the emission peak maximum at a given time t [12] . We determine this value on the long time T.R.S. spectrum in the low energy wing. We calculate (4) can be written in the form : with x = EcMAX' By fitting our results to the last formula we find :
In the hydrogeneous approximation the shallowest level depth would then be : 73 meV.
The results of this fitting are given in table III. Without estimating hl'oo as previously, we now fit our results with the three parameters RB, hi,. and WMAX.
Formula (4) becomes :
where X = ho (peak emission energy). By fitting to this formula we find :
The new values of hi, = f(t) calculated with these parameters are compiled in table IV. We deduce for the shallowest level depth : 71 meV and the value of hl'oo = 1.53 eV which is quite similar to the estimation we first made from the low energy wing in the long time T.R.S. spectrum.
So we will now use : (Fig. 3) . (3) .
From this expression, we can see that the concentration only intervenes in Q(t) &#x3E;.
We calculated formula (3) at different times. Results are given on figure 5. w We observe that in the case of close-set pairs (at early times) theoretical spectra follow the experimental curves on the high energy side.
When time increases, the spectral shift on the high energy side is characteristic of donor-acceptor behaviour. On the low energy side the variation between calculated and experimental curves is important, even at early times.
For long times, experiment doesn't fit at all with theory, the emission seems govemed by vibration effects. It would be interesting to correct the theoretical spectra given by equation (3) with the additional assumption that the pairs radiate with a spectral shape given by the long time curve (figure 2 spectrum e) and to compare them with the experimental curves [10] . 
